Abstract-This paper deals with the analysis for the irreversible demagnetization characteristics of a NdFeB, 'Wtype' permanent magnet in the line-start permanent magnet synchronous motors (LSPMSM). By using the finite element method, the influence of different permanent magnets status and the different start voltages on demagnetization were studied during starting process. The largest demagnetization magnetic field was calculated by the minimum value of the projection of flux density in magnetization direction for reference points. Through the comparison of the demagnetization under different conditions, the most serious demagnetization is occurred in low voltage starting process, at the corner points of magnets. It is of great significance to analyze the performance of permanent magnets in actual operation, and it also can be used for the fast design of LSPMSM.
INTRODUCTION
Permanent magnet synchronous motors have the advantages of high energy density, high efficiency, and simple structure. With the development of motor technology and the deepening of research on permanent magnetic materials, permanent magnet motors have been widely used in various fields of the national economy. LSPMSM adopts asynchronous self-starting method, with high reliability, small size, and economical operation characteristics. The interaction between the rotating magnetic field of the stator and the squirrel cage rotor generates the asynchronous, so the motor can start by itself. After starting, the rotor runs at the synchronous speed, cage rotor no longer works [1] - [2] .
The performance of the permanent magnet motor is largely decided by the performance of the permanent magnet. Demagnetization of the permanent magnet will directly affect the no-load back-EMF and the output torque of the motor. In severe cases, the motor lost excitation ability. The demagnetization is mainly affected by the following factors: temperature, external magnetic field, vibration demagnetization, oxidation, corrosion, and time [3] - [5] . Ref. [3] , [6] explain the reasons of the permanent magnet's irreversible demagnetization in derail respectively. The two reasons are the magnetic field of the motor is synthesized by the squirrel cage asynchronous motor effect magnetic field, the variable frequency generator effect magnetic field and the permanent magnet magnetic field and stator current generates a demagnetizing field while squirrel cage bars shield it during start-up. In [7] finite element method was used to simulate the changes of speed and electromagnetic torque in the process of motor starting to verify the correctness of mathematical modeling, however, there are few studies on the variety of permanent magnets in the starting process. Ref. [8] calculated the variety of the average working point of the permanent magnet during the start-up process. The demagnetization point with the highest risk on the permanent magnet could not be involved.
In this paper, finite element method is used to study the demagnetization during starting process under different voltages. Through the analysis of the reference points' radial magnetic density curves over time, the maximum risk demagnetization moment of the permanent magnet in each state is determined, and the permanent magnet magnetic field intensity picture at the corresponding time is plotted, so the demagnetization of each point of the permanent magnet is clearly and intuitively represented. By controlling the voltage at start, the causes of permanent magnet demagnetization was analyzed.
II. ANALYSIS MODEL

A. Design Parameters and Model
This paper takes a 15kW 4-pole LSPMSM [9] as the prototype motor to analyze the demagnetization characteristics under different conditions. Its main parameters are shown in Table I , and the finite element model designed by Ansoft is shown in Figure I . The magnetic structure is 'W-type', yellow and green are represent S-pole and N-pole, respectively. 
B. Selection of Reference Points
Due to the cycle symmetry of the motor, the magnetic flux density changes of the four permanent magnets during the motor starting process have the same tendency. In order to easy to analyze, N 1_4 of N 1 pole is used as an observation target. The reference points are selected as shown in Figure II 
A. The Determination Basis of Demagnetization
The demagnetization judgment formula can be described as follows. In (1), When R>0, The motor has demagnetization risk. Because of B demg =0, so we can only consider the radial magnetic density at the reference points. Demagnetization occur when radial magnetic density <0, so the judgment of demagnetization simplify.
B. Demagnetization Analysis at the Start of Rated Voltage
Three-phase voltage source excitation when the rated voltage starts is as in (2).
When t=0, the magnetization direction of the permanent magnet is the same as that of the A-phase winding. Figure III shows the relationship between the speed and time during starting. When the prototype motor starts at rated voltage, the motor speed rises fast and enters synchronization after a brief fluctuation. The start process takes about 285 ms. By observing radial magnetic density curves over time of the three reference points during this process, some rules about the demagnetization of permanent magnets in this motor have been discovered. It can be seen from Figure IV that the risk of demagnetization at the corners of the permanent magnet is greater than the midpoint, and the closer the two permanent magnets are, the greater the risk of demagnetization faces. It can be also seen in Figure IV that the radial flux density variation at different reference points on the one permanent magnet is the same. So we can judge the demagnetization field and its action time in that. For P2, the minimum radial
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magnetic density is -0.83T, at 60 ms, and there is the longest demagnetizing magnetic field during 83 ms to 163 ms. Figure  V shows the permanent magnet demagnetization at 60 ms. Demagnetization exists in yellow and white areas. Figure VI shows the speed-time curves and the radial flux density curves at P 2 under different start voltage is shown in Figure VII . It can be seen from the figures that with the increase of the starting voltage, the starting process is faster, and the time for the motor to enter the synchronous speed is shortened. The demagnetization field at high voltage start is similar to it at low voltage, and the time for acting on the permanent magnet is short, so the risk of demagnetization is higher for low voltage starting. Table II shows some details about the minimum radial flux density and total time of demagnetization during start-up. Based on the Table II, the following conclusions are drawn:
The demagnetization risk of the permanent magnet is larger in lower starting voltage, because the total time of demagnetization at start voltage below the rated one is much longer than it at higher voltage. While the start voltage increase, the biggest risk time occurred earlier, and the values of minimum radial flux density have not change much. This conclusion further proves that the risk of demagnetization of permanent magnets is not only affected by the intensity of the demagnetizing field, but also related to the duration of the action. (1) Permanent magnets are easier to demagnetize at the corners than at the center. In 'W-type' permanent magnet, the nearer the interval between the two permanent magnets in the same pole, the greater the risk of demagnetization.
(2) Based on the above conclusion, select a permanent magnet corner point as a reference point. By analyzing the radial flux density curves of the corner point of the permanent magnet, it is concluded that the demagnetization risk of the permanent magnet increases with the decrease of the starting voltage at no-load starting under different voltages.
(3) The risk of demagnetization of permanent magnets is not only affected by the intensity of the demagnetizing field, but also related to the duration of the action.
